Concentration of celluloses (cotton, cotton linter, Avicel, BC, HA, HC and HCL) used in these ex periments was, 2.5, 2.5, 2.5, 1.25, 2, 2 and 2 mg/ mL, respectively.
The ratios of cellooligosaccharide formed in reaction mixtures were analyzed by high-perfor mance liquid chromatography (HPLC) on TSK gel G-Oligo-PW column (7.8 mm i. d. by 30 cm; Tosoh Corp., Tokyo) using Jasco 805-GI system (Japan Spectroscopic Co., Tokyo) combined with a Waters 410 differential refractometer (Millipore Corp., Milford, Mass.). The degradation percentages of cellulose were calculated from amount of soluble sugars formed and the total sugar of sub strate.
Other methods.
Cellobiose dehydrogenase (CDH) activity was assayed by monitoring the increase of absorbance at 550 nm of cytochrome c as reported previously.10) SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) was carried out as described by Laemmli.32)
RESULTS
Cellulose degradation by cellulases in the pres ence of CDH/Ferricyanide redox system.
Due to the partial oxidation of hydrolytic ce11u lase products in the presence of CDH/ferricyanide redox system in reaction mixture, the use of con ventional method (Somogyi and Nelson method) for measurement the reducing sugars was not suitable. In these investigations, a useful method for measuring the amount of reducing sugars was de veloped as described in MATERIALS AND METH-ODS. Three different kinds of celluloses (BC, Avicel, and HA) were used as substrates.
Concerning the degradation of BC and HA by Ex-1 and En-1 shown in Fig. 1 , the degradation percentages quickly reached a plateau after 3 h or 6 h for Ex-1 or En-1/alone, respectively. In the case of Avicel substrate, the degradation percentages continued to increase slightly after 9 h but generally the pattern was the same as for BC and HA. When Ex-1 and En-1 synergistically hydro lyzed celluloses the degradation percentage of BC and Avicel continued to increase slightly after 9 h "Degree of synergism is defined as the ratio of the soluble sugars produced by the combined action of cellulase components or cellulase with CDH to the sum of the amount of sugars produced by their independent actions. bCrl , relative crystallinity index of cellulose. Cotton (C), cotton linter (CL), Avicel (A), H1P04-swollen cotton (HC), H3P04-swollen Avicel (HA), H3P04-swollen cotton linter (HCL). The values are means of two independent experiments performed in duplicate.
of reaction whereas it reached a plateau in the case of HA. The degradation of each cellulose was en hanced in the presence of the CDH/ferricyanide redox system compared with that in the presence of Ex-1 alone, while no or very little enhancing ef fect was observed in the case of En-1 (Fig. 1 ). In addition, cellulose was degraded more rapidly by the combination of Ex-1 and En-1 than by either cellulase alone in the presence of CDH (Fig. 1) . The degradation percentages of BC and HA in 9 h were 25 and 45% which were about 7-fold and 13-fold higher than that for microcrystalline Avicel (3.5%), respectively. (Table  3) . When CDH, Ex-l, En- a The degradation percentages of cellulose were calculated from the ratio between the soluble sugars produced and the amount of sugar equivalents in the substrate. b The hydrolysis and oxidation products are defined as the per centage of each generated product in the total degradation percentages of cellulose; Gl, glucose; G2, cellobiose; G3, cellotriose; GnL, cellooligo-lactone. -, not detected. C The combination of exo-cellulase (Ex-1) and endo-cellulase (En-1) was used. The values are means of two independent experiments performed in duplicate. Our first investigations on cellulose degradation of cellulases and the synergism of cellulases with CDH ( Fig. 1) 
